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The dispersion properties of low frequency dust acoustic waves in the strong coupling regime
are investigated experimentally in an argon plasma embedded with a mixture of kaolin and MnO2
dust particles. The neutral pressure is varied over a wide range to change the collisional properties
of the dusty plasma. In the low collisional regime the turnover of the dispersion curve at higher
wave numbers and the resultant region of ∂ω/∂k < 0 are identified as signatures of dust-dust
correlations. In the high collisional regime dust neutral collisions produce a similar effect and
prevent an unambiguous identification of strong coupling effects.
PACS numbers: 52.25.Zb, 52.35.Fp, 52.25.Ub
Dust acoustic waves (DAWs), which are the analogs
of ion acoustic waves in a dusty plasma, have received
a great deal of attention in recent years. Their linear
and nonlinear propagation characteristics have been the
subject of a large number of theoretical [1–5] and ex-
perimental [6–12] investigations. One of the important
and fundamental questions related to their dispersion
properties concerns the effect of dust-dust correlations.
These correlation effects are deemed to be important
because dusty plasmas are usually in the strongly cou-
pled regime on account of the large amount of charge on
each dust particle and its relatively low thermal velocity.
Γ =
Z2de
2
4pi0Tdd
exp[−d/λp], the ratio of the dust Coulomb
energy to the dust thermal energy is widely used as a
measure of the amount of coupling. Here, Zd, d, Td, λp
denote the dust charge, the interparticle distance, the
dust particle temperature and the plasma Debye length
respectively. The value of this parameter, which is based
on the Yukawa model, provides a broad indication of the
phase of a dusty plasma i.e. whether it is in a gaseous
(Γ < 1), fluid (1 < Γ < Γc) or solid state (Γ > Γc).
Here Γc is the critical value of Γ marking a phase tran-
sition point. It should be mentioned that a number of
recent works [13, 14] have suggested important modifica-
tions to the expression for Γ and Γc near a critical curve.
In general, when Γ >> 1 in a dusty plasma, dust-dust
correlations can lead to the development of short range
order in the system which keeps decaying and reforming
in time. Such correlation effects can bring about sig-
nificant modifications in the collective properties of the
strongly coupled dusty plasma [15–18]. The influence
of dust-dust correlation on DAWs was addressed in an
early experiment by Pieper and Goree [8] who studied
the propagation of DAWs in a dusty plasma that was
close to a crystalline state. The expectation was that
the linear dispersion relation of the excited compressive
waves would be close to dust-lattice waves - DLWs (evi-
dence of a strongly correlated medium) rather than that
of DAWs which are typically found in a gaseous weakly
coupled plasma. To their surprise they found that the
dispersion properties were well explained by collisionally
damped DAWs and showed no resemblance to DLWs.
Their experimental findings also lent credence to the ap-
plicability of fluid models for describing wave motion in
dusty plasmas. Subsequent theoretical [16–20] and parti-
cle simulation [21] studies have highlighted the fact that
correlation effects can be important even in the modestly
coupled regime in the near liquid state (Γ ∼ 10) and
can lead to a turnover effect of the dispersion curve for
DAWs at higher wave numbers and create a regime where
∂ω/∂k < 0. However as has been pointed out in [16],
similar effects can also arise due to strong dust-neutral
collisions and pose a challenge for an unambiguous ex-
perimental detection of dust-dust correlation effects for
longitudinal waves. Thus for a clear identification of cor-
relation effects on the dust acoustic wave dispersion, it is
necessary to work in a low collisional regime of the dusty
plasma and look for the turnover regime in the dispersion
curve. In this paper we report on such an investigation
and present experimental evidence of correlation effects
on the propagation of dust acoustic waves.
The schematic of the experimental setup is shown in
Fig. 1. The vacuum vessel consisting of a stainless steel
(SS) cylinder of 95 cm length and 20 cm diameter, was
pumped down to a base pressure of 10−3 mbar using a
rotary pump. Argon gas was then injected by a preci-
sion needle valve and discharge was struck between the
vacuum vessel (cathode) and a rod shaped anode by ap-
plying a DC voltage of VA = 600 volts at P = 1 mbar
pressure. The inner side of the cathode was covered with
a thin stainless steel foil to avoid micro-arcs. A mixture
of kaolin and MnO2 was used as dust particles. The
mean particle size was ∼ 31µm with a size dispersion of
∼ ±3µm. The size distribution was experimentally de-
termined by SEM measurements of a large sample of the
dust particles. To prevent arcing around the dust parti-
cles, the latter were kept in a floating SS cylinder housed
inside the main chamber, as shown in Fig. 1. Notice-
able dust particle accumulation was observed near the
cathode sheath region when the neutral gas pressure was
reduced gradually by adjusting the leak rate and pump-
ing rate to 0.086 mbar. The applied voltage was then
reduced to 400 volt to get a highly dense dust cloud. For
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FIG. 1. Schematic of experimental setup.
such discharge conditions the discharge current was 45
mA. The vertical component of the cathode sheath elec-
tric field provides necessary electrostatic force to the par-
ticles to levitate against the gravitational force. Likewise
the radial horizontal sheath electric field was responsible
for the radial confinement of the dust particles against
their mutual Coulomb repulsive forces.
An AC signal (peak to peak voltage VPP = 60 volt
using a signal generator and a power amplifier) was su-
perimposed on the discharge voltage to excite the waves.
The mean discharge current was 45 mA at 400 volts. The
frequency of the applied AC signal was varied from 0 to
2 Hz during the experiment.
The levitated dust particles were illuminated by green
Nd-Yag diode laser light. The laser light was spread into
a sheet of width ∼ 1 mm in the x − y plane by a cylin-
drical lens and the forward scattered light from the dust
cloud was used to visualize the dust particles. The scat-
tered light from the dust particles was captured using
a CCD camera (25 fps) and stored into a computer us-
ing a frame grabber card. The ion density (ni) and the
electron temperature (Te) of the plasma were measured
using a single Langmuir probe prior to the introduction
of any dust particles. It should be mentioned that strictly
speaking one needs the plasma parameter values inside
the sheath region where the dust cloud is confined. How-
ever as is well known Langmuir probe measurements in-
side the sheath region can be quite unreliable [10]. Thus
we have measured Te and ni in the plasma region outside
the sheath and used these values for the sheath region.
The electron density (ne) was then estimated from the
modified quasineutrality condition that includes the dust
density. The average inter-grain distance (d) was mea-
sured from a number of still video images of the dusty
plasma. The dust temperature (Td) was calculated from
the mean velocity of the dust particles by tracing single
particle trajectories in different frames. The wave length
of the driven dust acoustic wave was obtained by a direct
measurement of the distance between crests from the still
images. To ascertain the propagation direction of the
wave propagation an independent set of measurements
were made in the vertical plane by changing the orienta-
tion of the laser sheet to be in the y−z plane. We did not
observe any time varying striations in the plasma cloud
for such an orientation indicating that the DAW does
not have any significant ky component and propagates in
the y − z plane. Further the wavelength measurements
in the horizontal plane were duly corrected to account
for the geometrical effects arising from the small but fi-
nite angle of inclination (150) of the CCD camera with
respect to the vertical plane. The wavelength measure-
ments were also restricted to the well focused region and
a fixed laser-lens combination was retained for all the
experimental observations.
Initially (at VA = 400 Volt, Id = 45 mA, P = 0.086
mbar) a stable dust cloud was formed in the sheath region
near the cathode (see Fig. 2(a)). With the imposition
of an AC voltage (Vpp = 60 Volt) over the DC discharge
voltage, the dust cloud began to display striations which
traveled in the horizontal (x−z plane) direction. The
series of crests and troughs representing the dust acous-
tic waves are clearly observed. Sample video images are
shown in Fig. 2(b) and Fig. 2(c) for different excitation
frequencies and are akin to earlier observations of DAWs
reported in the literature [6, 8, 9, 22]. Their wavelengths
are determined from the still images with the precautions
discussed above.
The dispersion characteristics of these DAWs were
studied for different neutral pressures which corresponds
to different collisionality values. Fig. 3 and Fig. 4 display
the experimental results for two different pressure values,
namely, P = 0.086 mbar and P = 0.5 mbar respectively.
The distribution of experimental points in both the cases
show a turn-over effect at high wave numbers. In order
to distinguish between correlation effects and collisional
effects we compare these experimental curves with the
3FIG. 2. a) Stable dust cloud b) & c) DAWs of different wave-
lengths at f=0.206 Hz and 0.533 Hz respectively.
analytic dispersion relations provided by model theoret-
ical calculations. The dispersion relation given in [16]
takes into account both correlation (due to viscoelastic
effects) and collisional contributions (due to dust neutral
drag) is given below
k2λ2p =
ω(ω + iνdn)− k2αλp2
1− ω(ω + iνdn) + k2αλp2
(1)
Here, νdn =
√
8/pinnTn/(ωpdVTnρa) is the dimensionless
dust neutral collision frequency (i.e. dust neutral fre-
quency normalized by the dust plasma frequency ωpd) ,
and nn, Tn, VTn are the neutral density, neutral temper-
ature and neutral thermal velocity respectively. Further
α = γdµdλ
2
d/λp
2 where γd is the adiabatic index and µd is
the coefficient of compressibility. The term proportional
to α represents the strong coupling contribution arising
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FIG. 3. Experimental (solid circles) and theoretically calcu-
lated (solid and dash lines) dispersion curves for DAWs in
the low collisional νdn = 0.07 regime. Solid line displays the
dispersion relation at experimental parameters and dash line
for Γ ∼ 0.
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FIG. 4. Experimental (solid circles) and theoretically calcu-
lated (solid and dash lines) dispersion curves for DAWs in
the high collisional regime νdn = 0.6. Solid line displays the
dispersion relation at experimental parameters and dash line
for Γ ∼ 0.
through the modification in µd. The viscoelastic model
[16] gives
µd =
1
Td
×
(
∂P
∂n
)
T
= 1 +
u(Γ)
3
+
Γ
9
∂u(Γ)
∂Γ
(2)
with
u(Γ) = −0.89Γ + 0.95Γ1/4 + 0.19Γ−1/4 − 0.81. (3)
For the low pressure regime (P=0.086 mbar) the mea-
sured dusty plasma parameters are Td = 5eV , ne ∼
5 × 1013m−3, ni = 3 × 1014m−3 and d = 150µm. The
ion temperature is taken to be Ti = 0.03. These mea-
sured quantities give a plasma Debye length λp = 190
µm. The wave number values are normalized to λp and
4the frequencies are normalized to ωpd. The latter is used
a free parameter and determined from the best curve fit
to the experimental points. In the present case ωpd = 3.3
rad/s. From the measured quantities and ωpd we get the
dust charge Qd to be 5.8× 103e, Γ = 29, α ∼ −0.05 and
νdn = 0.07. In Fig. 3 we have plotted the dispersion re-
lation (1) (solid curve) for the above values. For compar-
ison we have also plotted the same dispersion curve with-
out correlation effects (dashed curve). It is clear that for
a proper fit to the experimental data points, it is neces-
sary to include correlation contributions in the dispersion
relation indicating that they play a dominant role in this
regime. The dashed curve infer purely collisional effects
taken into account. It suggests that the collisional effect
themselves are not adequate to explain the observed mag-
nitudes of the dust acoustic wave frequencies and wave
numbers observed in the experiments.
As the neutral pressure rises the collisional effects be-
gin to dominate. In the high pressure regime (P = 0.5
mbar) we have νdn = 0.6. To excite the DAWs in this
regime the applied DC voltage was raised to 500 volt
and the AC component was also increased to 100 volt.
The mean discharge current increased to 60 mA due to
the increase of neutral gas pressure and applied voltage.
The corresponding theoretical and experimental disper-
sive characteristics are shown in Fig. 4. The theoretical
curve was fitted using ωpd = 3 rad/sec. The dusty plasma
parameters for present pressure value were d = 90µm,
Td = 4eV, ni ∼ 7 × 1014/m3, ne = 7 × 1013/m3,
Qd = 2 × 103e and Γ = 6.4. The decrease of Γ in the
present case can be attributed to the decrease in the dust
charge. The decrease in dust temperature for a marginal
increase in the pressure has also been reported in [8].
The decrease in Γ leads to a decrease in the contribution
from the correlation term and the high neutral pressure
makes the collisional contributions to predominate. This
is evident from the two theoretical curves in Fig. 4 where
the neglect of the α term (dashed curve) does not make
a substantial difference and both curves are seen to be
close to the experimental points. In this regime, there-
fore, it is difficult to experimentally differentiate between
the collisional and correlation effects. It should be men-
tioned here that the above dispersion curves can be in-
fluenced by other factors such as the size dispersion of
the dust particles. We have used the mean dust size for
estimating the dust charge as well as other theoretical
entities like the dispersion relation, coupling parameter
etc. Since the dispersion is not very broad the percent-
age changes in these quantities are quite small - notably
within the experimental error bars of the measured quan-
tities. Hence they do not significantly affect our principal
experimental findings related to the effect of correlations
on the wave dispersion properties.
To conclude we have presented experimental evidence
of dust correlation effects on the dispersive characteris-
tics of dust acoustic waves. The experimental disper-
sion curve shows good agreement with theoretical rela-
tions obtained using a generalized hydrodynamics model.
Correlation effects can be clearly distinguished from col-
lisional effects in the low pressure regime. In order to
further verify experimental findings we have studied the
dispersion characteristics in both the high and low pres-
sure regimes. Comparison with theoretical relations in
the two regimes demonstrate that the dispersion curves
show a clear signature of correlation effects in the low col-
lisional regime. In the high collisional regime dust neutral
collisions lead to similar changes in the dispersion curve
and make an unambiguous experimental identification of
correlation effects quite difficult.
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